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SUMMARY 


The  proliferation  of  thermal  imaging  sensors  to  most  major  weapon  platforms  has 
broadened  the  need  for  FLIR  performance  analysis  capability  throughout  the  Army.  To 
date,  the  Army  analysis  capability  has  been  concentrated  within  the  Visionies  Division  of 
the  Night  Vision  and  Electro-Optics  Laboratory  except  for  the  target  acquisition  codes 
that  have  been  incorporated  within  the  Army  Warganies.  This  re|>ort  describes  one  of 
several  activities  of  NV&EOL  to  disseminate  analysis  capability  to  a  broad  s|iectrum  of 
Army  elements  so  that  each  may  undertake  independently  routine  FLIR  performance 
calculations  as  required.  Although  these  analytical  models  are  incorporated  entirely 
within  a  handheld  calculator  (HHC)  and  designed  for  simplicity  in  their  use.  they  provide 
a  comprehensive  performance  analysis  capability.  This  capability  stems  from  unique 
analytical  fits  to  higher  level  models  and  front  the  remarkable  capacity  of  the  new  HP 
41 CV  programmable  handheld  calculator. 

This  report  provides  a  complete  user's  guide  in  the  application  of  HHC  programs  to 
FLIR  analysis  problems  for  requirements  frequently  encountered  by  FLIR  and  weapon 
platform  designers,  applications  analysis,  tacticians,  and  battlefield  commanders.  Opera¬ 
tion  of  the  HHC  requires  minimal  instruction  and  all  actions  of  the  operator  are 
prompted  by  displayed  alphanumeric  inquiries.  Target  acquisition  analysis  under 
adverse  weather  are  routinely  computed  using  this  HHC  model,  providing  ranges  for 
detection,  classification,  recognition  and  identification  for  a  variety  of  US  and  Warsaw 
Pact  Armor  vehicles.  The  model  enables  the  user  to  quickly  determine  search  times  for  a 
given  search  sector  as  well  as  target  acquisition  probabilities  for  weather  and  signature 
conditions  specified.  Atmospheric  transmission  in  the  8-12  (xm  and  visual  spectral  region 
can  be  routinely  determined  for  any  specified  range  based  on  an  abbreviated  form  of 
LOWTRAN  V,  EO  SAEL  and  G/AP  atmospheric  models. 

A  companion  report1  now  in  progress  provides  a  technical  description  of  the  HHC 
algorithms  used  as  well  as  the  technical  genesis  of  the  analytical  forms.  In  general,  the 
performance  model  is  based  on  the  Johnson  Criteria,2  as  applied  to  analytical  equations 
similar  to  those  described  by  Ratches  et  al.3  for  static  range  performance,  and  by  Lawson. 
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<i.  Komfeld  ami  J.  R.  Moulton.  Technical  Description  of  HHC.  Target  Acquisition  Program  <T('T  4(\h  (In  Progre*>.|. 
J.  Johnson,  Analysis  of  Image  Forming  Systems.  Proceeding*  of  the  (mage  ln(en»ifier  S\mjn»iiim  (IV5H). 


J.  .V  Ralehe*.  R.  laiw*on.  I..  P.  Obert.  R.  J.  Rergmann.  T.  W.  Ca**idy.  and  J.  M.  Suen*on.  Ni^hf  1  nunn 
laboratory  Static  Performance  Model  for  Thermal  I  ieumg  Systems.  liSA  Kleiironic*  Command  Rejnirl  KCOM-TO-W 
(April  19751. 
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Cassidy  and  Ralches4  for  search  lime  performance.  The  basis  for  the  atmospheric  analysis 
slems  from  analytical  fits  to  LOWTRAN  V.5  by  kornfeld6  and  the  NYL  (»/AP  Aerosol 
Data  Base7  by  Shiehls.8  All  atmospheric  algorithms  used  in  the  HHC  program  are  be¬ 
lieved  to  lw*  similar  to  those  in  the  current  version  of  EO  SAEL.*  The  thermal  imagers 
listed  in  this  users  £iiidc  as  sensors  1  through  I  are  identified  in  the  Yisionics  Perfor- 
manee  Handbook10  by  Obert  et  al. 


^  R.  Uwmiii,  T.  1.  (lassidv  amt  J.  A.  Ratche*.  A  Search  Model,  IRIS  Specially  (.roup  on  Imaging.  Naval 
Aeademv.  Annapolis  Ml).  June  78  (Gonfidential). 

1  K.  \.  Kleins  4tmmpheric  Tranumittanre/Hadiance:  Computer  Code  LOWTRAM  5.  AFGI/TR-80-0067,  February  1080. 

G.  komfehl.  A  COR  TRAM  Equivalent  Computer  Program.  NV&KOL  internal  report.  February  1981. 

*  J.  R.  Moulton.  R.  J.  Bergemann.  ami  M.  11.  Sda.  (Sf  FMropean  K inter  Atmospheric  environment  il  t.  IRIS 
Pntceedings  ( August  1976). 

®  F.  J.  Shields.  Internal  NV&KOL  l)F.  subject:  Ml  &  EOT  ClAP  Aerosol  4imosp/ierir  Moiiels  (7  September  1978). 

^  Ijtui*  I).  Duncan,  editor.  EOS  A  EL  80.  to/.  /:  Technical  Documentation .  Atmospheric  Sciences  I^lxiratory  Report  ASI.-TR-0072. 
January  1981. 

L.  P.  Obert.  J.  T.  WchnI.  (1.  J.  Nash.  (Cl  lisinnics  EA)  Sensor  Performance  UandlxHtk  I'OI.  I  (Matural 
European  Environments)  (Ft,  June  1981. 
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A  HANDHELD  CALCULATOR  (HHC>  PROGRAM  LOR  THERMAL  IMAGING 

target  Acyt  isition  analysis  -  a  i  ser's  glide 

I.  INTKOIH  CTION 

Thermal  Imagine  Sensors.  often  n*IVrrnl  to  a-  KLIH>  ar«*  incorporated  into  most  major 
\rniv  weapon  platforms  to  provide  target  acquisition  capability  under  duy/ni"ht.  semi- 
advrr-e  weather  and  olbenred  battlefield  conditions.  I  hi*  acquisition  capability  provided 
Dv  thermal  imager*  is  dependent  upon  nianv  factors:  i.e..  sensor  parameters,  target  ranee, 
target  t\pe.  target  history,  weather  tvpe.  intensity  and  duration,  operator  trainin'!*  terrain 
Mrueture.  taetiea!  employment,  ete.  The  calculations  of  t h i >  target  acquisition  capability 
lias  been,  heretofore,  performed  hv  analysts  highly  trained  in  thermal  imagine,  en- 
vironmental  and  eomputer  technologies.  I  he  objective  of  t h i >  effort  is  to  provide  the 
tvpieal  user  of  thermal  imager  anahsis.  whether  he  he  a  weapons  developer.  TRADOC 
taetieian  or  FLIR  developer,  the  eapahilitv  of  carrying  out  performanee  analysis  in* 
depeudentlv  at  his  desk  after  a  few  minutes  tutorial.  The  analysis  equipment  <HHC|  is  a 
Hewlett  Packard  IK  A  Handheld  Calculator  with  or  without  a  IIP  821  hi  \  printer  that 
has  heeu  programmed  with  unique  performanee  algorithms  developed  at  the  Ni«rht 
Vision  and  Elect  rod  )ptics  Laboratory.  These  performance  algorithms  are  for  the  most 
part  condensed  versions  of  lar^e  scale  computer  programs  currently  used  with  a  computer 
main  frame.  Although  the  HHC  program  is  currently  limited  to  thermal  inia<riti*i  sensors, 
future  versions  will  address  target  a<*quisition  analvsis  of  day  optics  and  television  sen¬ 
sors  as  well. 

Mthoutrh  the  HHC  equipment  and  algorithms  are  unclassified,  programs  are  of  such 
design  that  when  used  in  conjunction  with  classified  sensor  parameters,  classified  target 
acquisition  anlaysis  can  he  performed  as  well.  Discretion  is  required,  however,  on  tin4 
part  of  the  user  to  insure  that  analysis  results  are  properly  protected  whenever  classified 
sensors  are  considered. 

In  addition  to  this  Introduction  section,  this  report  contains  sections  that  describe  the 
design  and  application  of  this  analysis  tool  for  a  v  ariety  of  target  acquisition  problems. 
Taken  in  their  entirety .  these  sections  serve  as  a  user's  jjuide  for  conducting  thermal  imag¬ 
in'!  anlavsis  using  the  HHC  target  acquisition  model.  Specifically.  Section  II  gives  a 
description  of  the  HP  l ICY  hardware  and  an  overview  description  of  the  program.  \> 
described.  the  programs  are  executed  interactively  with  the  HHC  operator  using  the  full 
alphanumeric  capability  of  the  HP  HCY.  Responses  to  tin*  IIUC’s  inquiries  not  readily 
known  hv  tin*  operator  art*  listed  in  this  section.  \  more  detailed  description  of  the  HHC 
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hardware  is  |imvi(tnt  b\  the  manufacturer.11  In  addition,  a  full  technical  description  of 
the  algorithms  is  provided. 11  Setion  111  five's  illustrative'  e  xamples  t*f  usin^  the*  HIM!  to 
obtain  the  target  acquisition  capability  fe»r  a  typical  thermal  imager  as  well  as  perfor- 
matiee  variation-  tme  could  expect  for  a  \arie*t\  of  weather  conditions.  The  examples  used 
enable*  one  to  calculate*  the*  ranj't*  dependent  t ar tr#*t  acepiisition  capability  of  detection, 
classification,  recognition  and  identification  for  the*  thermal  sights  under  the*  weather 
conditions  considered.  Further,  the*  e  xample  -  illustate  the*  probability  of  accomplishing 
this  ranjie  elepemlent  target  actpiisition  anti  the*  seared)  time  requied  for  a  ^i\en  search 
field  of  \ ie*w .  In  uelelition.  examples  are  «ri\en  that  enables  one  to  calculate  atmospheric 
propagation  in  the*  H-  to  12-^tm  spectral  band  for  different  weather  conditions  and  ranges. 
The  atmosphe  ric  propagation  cumulation-  alleew  the  user  to  better  understand  the  at- 
mo-pherie  influence  on  targe  t  acquisition  performance. 

Hi.  IIHt  hardware  is  shown  in  Figure  1.  illustrating  the*  HP  11( A  Handheld 
<  alculator  with  the*  magnetic  canl  reader  IIP  82 104 A  anti  alphanumeric  printer  HP 
H’2 !l  MV  \  plng-in  rnotluh*  (not  shown)  called  a  ST  AT  P  W  can  be  used  for  input  data 
preparation-. 


Figure  1.  HP  41 CV  HHC  hardware  used  for  thermal  imager  performance  analysis. 


11  U,hI.u  |\„-k.»r.|.  Ihr  Urtl<  IH  I  Ufthnnumm*  Cull  IWformnn,,-  l*r,ulr«mmtthlr  Culm) at  nr.  Oumr\  Hvndbonk  nrul 

I’rnurumnunu  (•unfa'.  N’l.t.’intM-r 
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The  HI*  U(A  is  a  commercially  available  handheld  calculator  that  provides  con¬ 
siderable  computational  capability  to  the  iwr  even  without  tin*  Target  Acquisition 
Model.  Thin  capability  is  fullv  described  in  the  111*  IM  A  Owner's  Handbook  and  Pro¬ 
gramming  (dude  that  is  provided  with  the  calculator,  hence  will  not  he  repeated  in  this 
report.  As  shown  in  Figure  k  the  printer  is  connected  to  the  calculator  via  a  single  eahle. 
whereas  the  magnetic  card  reader  is  attached  to  the  calculator  as  a  plug-in  attachment. 
The  Target  Acquisition  Model  is  written  on  magnetic  cards  that  are  read  into  the  HIM. 
using  the  card  reader.  The  HI*  ll<  A  has  continuous  mcmorv  that  preserves  tin*  program 
even  after  the  HIM.  has  been  turned  off;  hence,  once  read,  most  Users  will  rarely  require 
additional  card  reading,  (lard  reading  will  only  be  required  when  the  Target  Acquisition 
Model  lias  been  cleared  from  the  HIM.. 

The  printer  and  the  HIM.  each  contain  rechargeable  battery  packs:  hence,  operation  in 
remote  field  sites  without  da*,  power  is  no  problem.  A  batten  charging  element  is  pro- 
\ ided  for  the  calculator  and  the  printer  that  enables  operation  from  l  S  standard  da*,  cur¬ 
rent  a>  well. 

A  closeup  of  the  HP  IMA  HIM!  keyboard  is  shown  in  Figure  2.  Once  the  program  is 
loaded  in  the  HIM!,  the  operator  uses  only  the  On.  I  ser.  A.  number  ke\  0  to  M.  and  the 
Kuti  Key  identified  as  R/S.  As  will  be  described  in  the  following  paragraphs,  the  response 
requirements  by  the  user  are  generally  limited  to  numerical  ke\s  0  to  9.  decimal  dot.  and 
R/$  keys  once  the  On.  I  ser.  ami  letter  keys  have  been  executed. 


Figure  2.  Closeup  of  HHC  hardware  keyboard. 


3 


The  user  of  the  1 1 IK 1  for  target  aequisition  analysis  should  fiN  acquaint  himself  with 
llu*  hasie  keyboard  functions  ami  di>pla\  modes.  The  keyboard  has  .'i  eolor  scheme*  a- 
follows: 


White  Kev  Lettering  — 
Cold  Key  letterin'!  — 

Blue  Key  letterin'!  — 

Vt  liite  Mode  Key  (Top) 
(Figure  l\) 


Figure  3. 


Normal  fimetioiis  aet  hated  h>  key  sleleetioti. 

2ml  le\el  fiinetion  act  hated  by  firs!  strikin'! 
*!ohl  key  (shift),  then  hittin*!  desired  key. 

Alphanunierie  funetioiis  aet hated  hy  first  strik¬ 
in'!  VLPII  A  key,  then  hittin*!  desired  key.  For 
niinihers  ami  small  letters,  strike  jiold  shift  key 
when  in  ALPHA  inode. 

( hi  turns  ealeulator  on. 

On  a»rain  turns  ealeulator  off. 

I  ser  selec  ts  user  mode. 

I  ser  a^ain  remoyes  user  mode. 

PROM  seleets  program  mode. 

Do  not  vleef  PROM  mode  r\repl  for  card 

writ  in*!:  otherwise,  modification  of  TO  I _ _  At  .O 

Program  may  re-ult.  PKOM  a^ain  remoyes 
PROM.  ( Note*:  _  represents  a  *paee.! 

\LPII  \  selects  alphaniimerie  mode. 

ALPHA  attain  remoyes  ALPHA. 


Mode  keys  with  display  (insufficient  registers). 
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Thr  ST  VI  \*\i\  is  a  small  appliration  module  that  itisrrts  into  tin*  lop  of  tin*  H(!\ 
eufeufator  (hat  allows  rttrxe  fittiri"  of  FIJK  \IHT  tJala  retpiired  a.**  an  input  to  thr 
Th  l _ \(  !0  Program. 

|h»‘  IVripherul  Printrr  ke\ hoard  is  srlf-e\planator\.  Normal  mode  of  usages  is  On. 
Dark,  ami  Normal  swilrh  positions.  Papt  r  i*  advanced  hv  striking  Paper  \d\amr  Krv . 
Thr  Print  Krv  prints  h  hairier  is  displaced  on  thr  HIM.  displav.  (.a  til  ion  is  rripjjrrd 
when  in  tin*  PKDM  mode  sinrr  tlusr  krvs  iriM*rt  print  or  advance  instruction  in  thr 

TOT _ \<  !0  Pribram. 

II.  OYKKYIFW  OF  IIHC  TAHOKT  ACQUISITION  MODKL 

The  target  acquisition  algorithms  ilrM  rilinl  in  this  section  have  been  developed  for  use 
in  roujoutioii  nith  thr  Hewlett  Packard  11 CY  Handheld  Calculator  for  thr  purpose  of 
enabling  thr  user  to  earn  out  thermal  ima^T  prrfortnanrr  analysis  imirprmlrntlv  at  his 
desk  or  rrmotr  firhl  sitr  with  as  littlr  as  minutes  of  instruction.  Target  acquisition 
anahsis  capability  provided  include  range.  probability,  ami  srarrh  lime  for  thr  mission 
tasks  of  detection.  rlassifiration.  recognition.  ami  identification.  Thr  algorithms  art*  pro¬ 
grammed  into  thr  HOY  in  a  niannrr  to  simplify  user-rrspoiisr  by  taking  full  advantage 
of  tbr  alphanumrrir  capability  of  thr  HP  11CY.  For  thr  most  part.  thr  iisrr  need  only 
answer  thr  tlisplayrtl  impiiry  of  tbr  IIIIC  which  hr  docs  by  pressing  numrriral  keys.  then 
thr  H/S  key.  liecause  of  these  continuing  <lisplayt*<l  interrogative*.  thr  user  concentrates 
his  attrntiou  on  thr  analysis  task  instead  of  thr  nirrhanirs  of  operating  thr  1 1 1 1  ( !.  In  olhrr 
word*.  thr  If  ll(!  krrps  Irark  of  thr  nirrhanirs  of  analysis  so  that  thr  ust»r  ran  ronrrntralr 
on  understanding  thr  analysis. 

There  art*  ihrrt*  rlrnirnts  associated  with  thr  II ll(!  Prrftirniaiirr  Model*.  whirh  arr: 

•  HP  HC\  Calculator  and  Prriphrrals  {hard w arr). 

•  Target  Acquisition  ami  Atmospheric  Program  (sofiwarr  on  magnetic  cards). 

•  l  sit's  Uuide  {this  rrport). 

Thr  l  srr's  Cuide  is  this  rrport.  hence  nrrils  no  furthrr  explanation.  Thr  olhrr  two 
rlrnirnts  will  Im*  drsrrilird  as  follows: 
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HP  41CV  CALCULATOR  AND  PERIPHERALS 


The  HP  41CV  hardware  consists  of  the  following: 

•  HP  41CV  Handheld  Calculator. 

•  HP  82 143 A  Peripheral  Printer. 

•  HP  82 104 A  Card  Reader. 

•  HP  00041  -  1 400 1  (15002)  STAT  PAC. 

•  HP  00097  -  13143  120  Blank  Cards. 

The  HHC  Target  Acquisition  Program  is  coded  on  7  magnetic  cards  under  the  title  of 
T(;T_ACg. 


PROGRAM  TGT _ ACQ  LOADING 

As  mentioned  previously,  the  Target  Acquisition  Program  entitled  TGT _ A<\)  is  writ¬ 

ten  on  7  magnetic  cards.  These  cards  are  read  into  tin*  HHC  as  follows: 

•  Allocate  30  data  registers  \KQ  ALPHA* SIZE  ALPHA  030. 

•  Check  for  availability  of  at  least  207  program  registers  PKGM  GTO  .  .  Displaced 
number  is  available  registers. 

If  insufficient  program  registers  are  available,  clear  existing  programs  as  follows: 

Catalog  1  displays  existing  program  names  \K(^)  ALPHA  CLP  ALPHA.  ALPHA  t  Key 
in  program  name)  ALPHA. 

•  Without  being  in  the  PRGM  Mode,  insert  each  card  twice  into  the  card  reader, 
once  in  each  direction.  The  disphn  indicates  RI>A  mi  of  13  each  time  with  tin  being  the 
lowest  numl>ered  card  yet  to  In*  read.  Repeat  card  side  if  error  message  is  displayed.  I  pnn 
completion  of  last  card,  working  is  displayed. 

•  Test  execution  of  TGT. _ AC(X)  bv: 


User  Mode,  £ —  (i.e..  strike  "Shift**  Ke>  then  "A**  Ke\:  Printer?  is  displayed  if  pne 
gram  is  pro|>er!y  loaded.). 


KXKCUTING  TGT _ WA)  PROGRAM 


(  lit*  followin'^  description  llit*  sc\cn  magnetic  cards  containing  the  Target  Ac¬ 

quisition  Analysis  Program  T( »* I* A(  lO  ha-  Im‘«*ii  read  into  tin*  II  ll< 1  ami  turned  on.  Fur¬ 
ther  the  1IIH  1  has  been  put  in  the  **l  -er"  mode,  anti  “*PKG\1"  or  ** ALPII  \ "  mode  was  not 
selected.  I  poll  striking  the  ’’Shift**  anti  **  A"  Ke\.  tin*  HIM!  takes  command  anti  prompts 
the  user  as  to  each  subsequent  aetioii  through  inlerat*ti\e  inquiries.  Flit*  user  responds  to 
tin*  inquiries  by  ke\  strikin':  an  appropriate  numerical  \alue  then  executes  bv  strikin':  tin* 
Hun/Stop  Key  identified  as  **K/S."  For  examplt*.  alter  strikin'!  ’’Shift"  ami  **  \.M  the  in¬ 
quiry  **Prtnter?"  is  displayed.  Hie  user  responds  |»y  striking  tin*  I  Key  and  the  K/S  Key  if 
the  printer  is  hooked  to  the  IIP  HI  A.  If  not.  the  user  strikes  0 .  K/S.  lienee  I  =  \es  and 
0  =  no  and  K/S  implements. 

r lit*  specific  inquiries  presented  to  tin*  Hll(l  user  art*  described  in  Fable  I. 

The  matrix  codes  allow  the  user  to  obtain  the  target  acquisition  jterforriiance  for  each  of 
tin*  fixe  discrimination  tasks  (Kas\  Detection.  (  .1  uttered  Detection,  Glassification  Kecogni- 
tion.  ami  blt'iitificatioul  by  enterin'!  either  **20."  **.*10."  or  **  10."  then  *’K/S."  If  only  one 
target  acquisition  performance  is  desired.  -ay  Recognition  Probability,  the  user  selects  the 
appropriate  matrix  cotie.  i.e..  HI  for  Recognition  Probability  After  the  target  acquisition 
|  H*r  form  antes  art*  displayed,  the  INK,  returns  to  tin*  ••change?"  inquiry.  The  matrix  cotie 
used  in  conjunction  with  (lit*  change  inquir\  allows  the  user  to  rapidly  parameterize 
target  acquisition  performance  as  a  function  of  the  battlefield  environment. 

There  is  one  additional  response  to  the  Analysis  No.?  inquiry.  Iteing  07. 

07  l  poll  keying  in  07  or  I  K  in  Kbit*  Keys,  meaning  transmission. 

tht*  1111(1  asks  the  range  for  which  the  transmission  is  to  be 
Range?  calculated.  I  ser  responds  with  range  in  km.  then  K/S. 


No.  MIC  Display 
Printer? 

I  Sensor? 


UORZ  FOV? 
a  value? 
h  value? 

2  DHLTA  T? 

3  Target  No.? 


4  ACQ  PROB? 

5  Weather? 

6  Visual  RCi? 

7  Rel  Humid? 

8  Air  Temp? 
Rain  Rate? 


Table  1  TtiT—ACQ  Program  Responses 

User  Response  Options 

1  =  Yes,  0  =  No 

J  =  NFOV12 

:  =  wfov12 

3  =  NFOV12 
4=  WFOV12 

5  =  New  FLIR  (See  MR  1  Data  preparations  using 
ST  AT  PAC  instructions  later  in  this  section) 

Key  in  value  lor  New  FLIR  in  degrees 
Key  in  a  value  of  MR  I  curve  Fit 
Key  in  b  value  of  MRT  curve  fit 

Key  in  value  of  target  A  T  in  °C 

1  =  M  1  1 3 

2  =  MbOA  1,3  =  MbOA  I  Hulldown 

4  =  Ml 09,  5  =  Ml 09  Hulldown 

6  =  M55K  7  =  M55 1  Hulldown 

8  =  DIVAD,  9  =  D1VAD  Hulldown 
10=1-62.  1  1  =  T-62  Hulldown 
1  2  =  T-72,  13  =  T-72  Hulldown 
14  =  1-64,  15  =  T-64  Hulldown 
1 6  =  ZSU.  1  7  =  ZSU  Hulldown 

Value  of  probability  of  acquisition  desired  (0.0  to  1.0) 

1  =  Hear.  Hazy  or  1'oggy 

2  =  Rain  with  Haze  or  Fog 

Value  of  visual  range  desired  in  km  (0.0  to  50.0  km) 
Value  of  Relative  Humidity  desired  (0.0  to  1 .0) 

Value  of  air  temperature  desired  in  degrees  Celsius  (°C) 
Rain  rate  desired  in  mm/li  ( 1.0  to  50  mm/w) 


i 


iii 


l..  P.  Ohcrt.  J.T.  Wo»h1,  (  I  Nash.  i('l  \  monies  E  <>  Sensttr  Performance  Handbook  VOt.  I  (Natural  Europtan 
Environments),  Pact's  5-2/4  ami  Vft  U’).  June  1981 
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Table  1.  TGT—ACQ  Program  Responses  (ContM) 


No  HHC  Display 


User  Response  Options 


Changes? 


One  number  1  to  8  if  any  of  the  above  responses  need 
changed.  If  no  changes  are  necessary,  press  R/S. 


Analysis  No  ? 


Search  FOV? 
Range? 

What  PROB? 


Range? 


There  are  a  variety  of  target  acquisition  analysis 
possible  that  can  be  selected  by  number.  The  specific- 
analysis  is  requested  using  the  matrix  code  in  Table  2. 

Upon  selection  of  the  Matrix  C  ode  40-45,  the  inquiries 
are  generated  for  the  user  to  answer  in  sequence. 

For  the  search  FOV,  the  user  enters  the  horizontal 
search  field  in  degrees, then  depresses  “R/S."  The 
range  inquiry  is  answered  by  keying  in  the  target 
range  in  km.  The  target  acquisition  probability  tor 
unlimited  time  (MAX  PROB)  is  then  displayed 
followed  by  what  PROB?  The  user  then  selects  a 
detection  probability  less  than  the  value  of  MAX 
PROB  shown  in  decimal  fraction.  Upon  depressing  the 
“R/SM  Key,  the  HHC  then  gives  the  time  to  accomplish 
the  target  acquisition  function  for  the  search  FOV  and 
level  of  certainty  (probability)  requested. 

User  selection  of  Matrix  Codes  30  to  35  generates  this 
inquiry.  The  user  enters  the  range  in  km  (nearest 
tenth)  to  the  target  for  which  the  probability  is  to  be 
determined,  and  depresses  k‘R/S." 
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Table  2.  T(iT_ACQ  Analysis  Number  Responses 


Matrix 

Codes 

21 

22 

23 

24 

25 

20 

hasy 

Detection 

Range 

Cluttered 

Detection 

Range 

Classification 

Range 

Recognition 

Range 

Identification 

Range 

31 

32 

33 

34 

35 

30 

Easy 

Detection 

Probability 

Cluttered 

Detection 

Probability 

Classification 

Probability 

Recognition 

Probability 

Identification 

Probability 

41 

42 

43 

44 

45 

40 

Time  to 

Hasy 

Detection 

Time  to 
Clutter 

Detection 

I  imc  *o 
Classify 

Time  to 
Recognize 

Time  to 
Identify 

ANALYSIS  OF  NKW  FURS 


If  the  user  selected  5  as  his  response  to  the  1  Sensor?  intpiirx.  lie  nerds  to  determine  the 
a  and  h  values  that  are  requested  hy  the  HHL.  These  a  and  h  values  are  found  from  the 
new  FUR  MKT  data  using  the  UHL  with  the  ST  AT  PAL  inserted  hy  keying  the  HHL  as 
follows: 


XKO  AUMIA  LL  £  K  X  P  ALPHA 


A  eliinie  sounds  when  the  HHL  is  ready  for  the  MR  I  data.  The  MRT  is  entered  in  pairs 
of  value.  The  first  value  is  the  spatial  frequency  whieli  is  keved  in  and  followed  hv  strik¬ 
ing  the  Kilter  key.  Idle  seeond  value  keved  in  is  the  A  T  for  that  spatial  frequency  follow¬ 
ed  hy  striking  the  *\A"  Key.  <  Continue  this  proeess  w  ith  the  next  \IRT  data  point  of  spatial 
frequency  and  MRT  \alue.  and  the  next.  ete..  until  all  MRT  data  is  entered.  When  nun- 
pleted.  press  ’*K"*  and  the  HHL  prints  out  tin*  a  and  h  values.  In  addition  to  the  a  and  h 
value,  tin*  eorrelation  eoeffieient  of  Fit.  R2.  is  provided  the  user.  Also,  the  HHL  pro\ides 
the  MRT  value  lor  any  spatial  fre<pienr\  when  the  user  kevs  in  tin*  spatial  freipieuex  an  F 
follows  with  striking  the  R/S  Ke\.  The  MR  I'  value  displayed  is  for  the  curve  fitted  MR  I' 
data. 

T  he  above  a  and  h  values  are  used  to  respond  to  the  impiiries  when  the  User  luts  seleeted 
a  new  FUR:  i.e..  answered  the  question  Sensor?  (Step  I)  with  5. 
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III.  ILLl  STRATIVK  APPLICATIONS  OF  IIIIC  ANALYSIS 


The  IIIIC  Program  named  TOT. _ ACO  is  in  the  Appendix  in  its  entirety.  .Several 

examples  of  the  application  of  TOT _ ACO  to  target  acquisition  analysis  arc  provided  in 

thi>  sta  tion.  The  examples  arc: 

Case  1  —  PLIR  Range  Performance  i  Table  ,'h. 

Case  II  —  Search  Time  ami  Recognition  Probability  (lahlc  1|. 

Case  NJ  —  Performance  vs  MKTs  ami  Transmission  (  lahlc  5|. 

Case  1.  FUR  Range  Performance. 

The  range  performance  for  Sensor  1  a>  a  function  <>f  visual  range  was  calculated  ami 
the  results  summarized  in  Table  3.  A  copy  of  the  display  was  printed  and  is  provided  in 
Table  (>.  The  Miniman  table  shows  the  degrading  part  of  FUR  target  acquisition  perfor¬ 
mance  as  the  visihilitv  diminishes.  Note  this  example  used  the  Matrix  Code  20  to  obtain 
the  value  of  each  of  the  five  target  acquisition  tasks. 

Case  II.  Search  Time  and  Recognition  Probability. 

This  example  continues  with  the  same  sensor  and  weather  conditions  used  in  Case  I.  hut 
ilhisticiles  I  he  use  of  Matrix  Codes  3d  and  11.  Had  one  used  the  Matrix  Code  30  and  10. 
the  search  time  and  recognition  probability  would  have  been  obtained  lor  all  5  target  ac¬ 
quisition  tasks  as  in  Case  I.  The  ability  to  select  the  specific  target  acquisition  task  of  in¬ 
terest  saves  considerable  time  when  one  is  weather  parameterizing  various  target  acquisi¬ 
tion  task  performances.  The  summary  of  the  results  of  Case  II  is  given  in  Table  1  and  the 
display  printout  is  listed  in  Table  6.  The  search  time  remains  at  a  constant  value  for  the 
visibilities  of  7.  3.  and  1  km  since  the  detection  probability  i*  I  for  those  conditions.  The 
probability  drops  from  1  for  tin*  low  visibility  of  0.5  km.  thus  increasing  the  search  time 
at  that  point. 

Case  III.  Recognition  Performance  Versus  IVJRTs  and  Transmission. 

As  shown  in  lables  7  and  8.  this  ease  illustrates  the  IIIIC  Programs  ability  to  analyze 
different  MKTs  using  data  available  to  the  user.  I  he  MK1  data  is  keyed  into,  as 
described  in  Section  II  using  the  ST  AT  PM .  for  new  FUR  analysis.  In  addition,  this  ease 
selected  Analysis  No.  97:  i.e..  the  mode  that  produces  tin*  8-  to  l2-/xm  transmission  for  arty 
range  requested.  Table  5  provides  a  summary  of  tin*  data  obtained  for  the  weather  condi¬ 
tions  given. 

The  above  three  eases  serve  to  illustrate  the  breath  of  analysis  possible  using  the  HIIC 

TOT _ ACO  Program.  Manx  other  anil  more  detailed  target  acquisition  analyses  are 

possible.  If  in  the  process  of  such  analysis  any  program  errors  are  discovered,  the  user  is 
requested  to  contact  the  Svstrnis  Analysis  Team.  \  isiouies  Division  of  the  Night  Vision 
and  Fieri ro-Opties  Laboratorx  at  (703)  (rfr 1-5813  or  Vntovon  351-5813. 


Visual 
Range  (km) 

7.0 


Table  3. 

Predicted  Range  Performance 

isual 

Kasy 

Clut 

ge  (km) 

Det 

Det 

Class 

Rec 

ID 

7.0 

20.06 

8.96 

5.10 

2.74 

1.43 

3.0 

18.45 

8.47 

4.04 

2.60 

1.41 

1.0 

6.89 

4.80 

3.41 

2.17 

1.25 

0.5 

2.06 

1.82 

1.58 

1.25 

0.88 

Conditions 


Sensor  =  1 .0 
Delta  T=  5.0 
Target  #  =  1  2.0 
ACQ  PROB  =  0.5 


Weather  =  1 .0 

Rel  Humid  =  0.00 

Air  Temp  =  10.0 

Visual  Range  =  as  indicated 


Table  4.  Predicted  Search  Time  and  Recognition  Probability 


Visual 

Range  (km)  2  km  RFC  PROB.  2  km  Search  Time  (s) 


7.0 

0.78 

30.74 

3.0 

0.77 

30.74 

1.0 

0.59 

30.74 

0.5 

0.002 

40.94 

Conditions 

Sensor  =  1 .0 

Delta  T=  5.0 

Target  #  =  1  2.0 

ACQ  PROB  =  0.5 

Weather  =  1 .0 

Rel  Humid  =  0.90 

Air  Temp  =  1 0.0 

Visual  Range  =  as  indicated 

Search  FOV  =  30  deg 
Range  =  2.0  km 


Table  5.  Predicted  Recognition  Performance  Versus  MRTs  and  Transmission 
MRT  #1  MRT  #2 


Visual  RPC  RPC  0.5  km  Transmission 


Range  (km) 

(W/O  Rain) 

(W/O  Rain) 

(W/Rain) 

8-12  km 

Visual 

7.0 

3.74 

2.74 

1.88 

.59 

.50 

3.0 

3.65 

2.69 

1.80 

.56 

.34 

1.0 

2.74 

2.17 

1.14 

.25 

.09 

0.5 

1.42 

1.25 

0.60 

.03 

.01 

Conditions 


Sensor  =  1  and  5 
Delta  T  ~  5  0 
Target  #  =  1  2.0 
ACQ  PROB  =  0.5 
Rain  Rate  =  5  mni/h 


Weather  =  1 .0 
Rel  Humid  ~  0.90 
Air  Temp  =  10.0 
Visual  Range  =  as  indicated 
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Table  6.  Display  Listing  for  Range  Performance  Lxample 


Table  7.  Display  Listing  for  Different  MRT  Example 


Table  X.  Display  !  islint:  for  Atmospheric  Data  I.xample 


/JIM  HIU4 


APPENDIX  -  TGT-ACQ  PROGRAM  LISTING 


-J-  3 


a-  3-  3- 
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TGT-ACQ  PROGRAM  LISTING  (CONT’D) 


STQ  RIM 


DISTRIBUTION  FOR  NV&EOL  REPORT  DELNV  TR-0030 


No.  Copies 

:o 

i 

i 

i 

1 

i 

i 

i 


Addressee 

No  Copies  Addressee 

Commander 

1  Project  Manage! 

l RADCOM 

M60  Tank  System 

ATTN  DRDILAPOA 

M.  (ie  islet 

War  ten.  Ml  480<KJ 

Ad  el  phi.  MD 

1  Ptoiect  Manager 

MICV 

Director 

Atmospheric  Sciences  Lah 

Warren,  Mi  4804Q 

ATTN  DELAS-D 

1  Project  Manage i 

White  Sands  Missile  Range,  NM 

TOW/DRAGON 

ssoo: 

Redstone  Arsenal.  AL  75804 

Director 

1  Project  Manage! 

CS&TA  Laboratory 

CiLLD/LTD 

ATTN:  DELCS-D 

Fort  Monmouth,  NJ  07707 

Redstone  Aisenal,  AL  75800 

1  Project  Manager 

Director 

VIPER  AHAMS 

Electronic  Warfare  Lab 

ATTN:  DELEW'-D 

Redstone  Arsenal.  AL  75800 

Fort  Monmouth.  NJ  07703 

1  Project  Manage! 

AAH 

Director 

AVARADCOM 

Electronics  Technology  and 

Devices  Lab 

St.  Louis,  MO  63166 

ATTN  DELETD 

1  Project  Manager 

Fort  Monmouth,  NJ  07707 

TADS/PNVS 

AVARADCOM 

Commander 

Harry  Diamond  Labs 

St .  Louis.  MO  67166 

ATTN  DELHD-AC 

1  Commander 

Adelphi.  MD  20787 

ARRCOM 

ATTN  DRSAR-CPI 

Director 

Signal  Warfare  Lab 

Rock  Island.  1L  61204 

ATTN:  DELSW-D 

1  Project  Manager 

Vint  Hill  Station,  VA  22186 

RPV 

AVARADCOM 

Project  Manager 

XM-1  Tank  System 

St.  Louis,  MO  63166 

Warren,  Ml  48000 

1  Commander 

ARRADCOM 

ATTN:  DRDAR-SI  C 

Dover,  NJ  07801 
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1 

Commander 

l  Commander 

CORAlX’OM 

NARADCOM 

ATTN  DRIX  ()  PPAT'A 

ATTN  DRDNA-O 

Fort  Monmouth.  NJ  07703 

Natick.  MA  01  700 

l 

Commander 

1  Commander 

Cl  RCOM 

AMMRC 

ATTN  DRSFL-CP4R 

Fort  Monmouth,  NJ  07703 

Watertown,  MA  02172 

1  Commandant 

Commander 

US  Army  lntantry  School 

MFRAIXOM 

Ft.  Benning,  OA  3)905 

1 

ATTN:  DRDM1  -CA 

3 

ATTN  DKDMF-WP 

1  Director 

Fort  Be! voir.  V A  220<>0 

De tense  Advanced  Research 
Projects  Agency 

t 

Commander 

MIRADCOM 

Rosslyn,  VA  22209 

ATTN  DKDMFtX 

l  (ommander 

Redstone  Arsenal.  \l  35HCN 

US  Naval  Research  Lab 
Washington,  DC  20375 

1 

Commander 

M1RC  OM 

1  Commander 

A!  IN  DRSMIFO 

HQ  DARCOM 

Redstone  Arsenal.  Al 

ATTN  DRCCPP 

Alexandria.  VA  22333 

1 

Commander 

AVARAiX  OM 

1  Commandant 

ATTN  DRCAV-BC 

Defense  Systems  Management 

St  louts.  MO  03  1 bh 

School 

Fort  Bel  von,  VA  22000 

I 

Commander 

TSARCOM 

1  Commandant 

ATTN  DRSTSCO 

I  S  Army  Fngineer  School 

St .  Louis.  MO  03 1  oo 

f  ort  Belvoir  VA  220c>0 

1 

Commander 

1  (ommander 

TARADCOM 

US  Opeiaiional  Test  and 

ATTN  DRCTA  VC 

Fvaluation  Agency 

Warren,  Ml  48090 

Fort  Belvou .  V A  22000 

1 

Commander 

1  (ommander 

T A RCOM 

USACSC 

ATTN  DRSTA-NC 

Warren,  Ml  48090 

Fort  Belvoir.  V A  2 2 0<>0 
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1  HUD  A 

AITS  DACA4  A 
Washington.  LX'  20.*  10 

12  Detense  Icchmcal  Into  Cti 

ATTN  DDCTCA 
Cameron  Station  ( Bldg  5 ) 
Alexandria.  V A  22.*  14 

1  Commander 

US  Army  Training  &  Doctrine  Cmd 
ATTN  ATCD  AN 
Tort  Monroe.  V  A  2  5b*  1 

2  Commander 

US  At  my  logistics  (it 
Tort  l  ee.  VA  25KU1 

1  Commander 

US  Army  Systems  Analysts 
Agency 

Aberdeen  Proving  (iiound.  Ml) 
21005 

1  N  ASA  Scientific  &  Tech  Into 

facility 

ATTN  Acquisitions  Branch 
f  S  AK/DL  ) 

P  O  Box  U 

College  Park,  MD  20740 

1  Study  C  enter 

National  Maritime  Hescarcht  tr 
King's  Point.  NY  11024 

I  Commander 

USAAVNC 

Tort  Kuckei,  A l  5<>5b2 

1  Director 

W&IOL 

ATTN  DTLNl  IMS  SI  M(  O 
Tort  Be  I  voir.  V  A  220b0 


l  Project  Mangei 

Kl  MBASS 

ATTN  DKCPM  KBS 
Tori  Monmouth.  NJ  0770  ^ 

\  Project  Manager 

TIKTT  INDT.K 
ATTN  DKCPM  I  T 
Toil  Monmouth.  NJ  0770* 

1  Department  ot  Defense 

Production  l  ngincermg  Spt  Ok 
t  PI  SO| 

ATTN  l)  Anderson 
C  ameron  Station 
Alexandria.  VA  22514 

1  Project  Manager 

C  AC 

ATTN  DRCPMC  AC 
Vint  Hill  Station.  VA  2218b 

l  Pioject  Manage! 

SOT  AS 

ATTN  DKCPM  SI  A 
Tori  Monmouth  NJ  07705 

l  Commandant 

I  S  Army  Armor  School 
Tort  ktu»x.  KV  40121 

i  Commandant 

l  S  Army  I  icld  Aittllciy  School 
1  ort  Sill,  OK  7 5 >05 

I  (ommatrdatr 

US  Army  An  IX* tense  School 
I  on  Bliss  T\  "on  m 

1  Director 

US  Army  An  Mobility  K&DCtt 

Amos  Research  (hr 

Mot  ten  Tic  Id,  (A  'M0b 
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3  Commander  ] 

A  ESC  7  ACC 

Andrews  ALB,  Ml)  20334 
2  Commander 

ESD/ACC  I 

Hansconib  AFB,  MA  01730 

1  Commander 

US  Naval  Ordnance  Lab/White  Oak  1 

ATTN:  Technical  Library 
Silver  Spring.  MD  20910 

1  Commander 

Naval  Electronics  Lab  Ctr  ! 

ATTN:  Library 

San  Diego.  CA  92152 

1  Armament  Development  and  Test  Ctr 

ATTN:  DLOSL,  Tech  Library  1 

hglin  Air  Force  Base.  FL  32542 

40  Director 

NV&LOL 

ATTN:  DLLNV-VI  1 

Fort  Bel  voir,  VA  22060 

I  Commander 

Sacremento  Army  Depot 

Sacramento,  C A  95813  1 

1  (ommander 

New  C  umberland  Army  Depot 
New  Cumberland.  PA  17070 

1 

I  Commander 

Anniston  Army  Depot 
Anniston.  A l  36201 

I  Dept  of  Defense  I 

Production  Engineering  Spt  Ole 
(PESO) 

ATTN  ILK.  MucKechnic 
Cainemn  Station 
Alexandria,  V A  22314 


Director 

TRASANA 

White  Sands  Missile  Range.  NM 
88002 

Commander 
USA  MICOM 

Redstone  Arsenal,  AL  35809 

Commander 
CORADCOM 
ATTN  DRDCO  PPA4  A 
Fort  Monmouth.  NJ  07703 

Commander 

CLRCOM 

ATTN:  DRSLL-CP-CR 
Fort  Monmouth.  NJ  07703 

Commander 
AVARADCOM 
ATTN:  DRCAV-BC 
St.  Louis,  MO  63166 

Commander 
TSARCOM 
ATTN:  DRSTS-CO 
St .  Louis,  MO  63166 

Commander 
TARADCOM 
ATTN  DRCTA-VC 
Warren.  Ml  48090 

('ommander 

TARCOM 

ATTN:  DRSTA-NC 
Warren.  Ml  48090 

Commander 
NARAIX'OM 
ATTN:  DRDNAO 
Natick.  M A  01760 
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Commander 

AMMRC 

Watertown.  MA  02172 
Commander 

l IS  Army  Infantry  School 
Fort  Benning.GA  3 1 ‘>05 

Director 

Defense  Advanced  Research 
Projects  Agency 
Rosslyn,  VA  22200 

Commander 
US  Naval  Research  Lah 
Washington,  DC  20.175 

Commander 
HQ  DARCOM 
ATTN:  DRCCP-F 
Alexandria.  VA  22335 

Commandant 

Defense  Systems  Management 
School 

Fort  Beivoir.VA  22060 

Commandant 

US  Army  Engineer  School 

Fori  Bel  voir,  V  A  22060 

Commander 

US  Operational  Test  and 
Evaluation  Agency 
Fort  Bel  von.  VA  22060 

Commander 
US AC SC 

Fort  Belvoir,  VA  22060 
MODA 

ATTN  DACA-CA 
Washington,  DC  20310 


1  Commander 

US  Army  Training  &  Doctrine  Com 
ATTN  ATCDAN 
Fort  Monroe,  VA  23651 

2  Commander 

US  Army  Logistics  Ctr 
Fort  Lee,  VA  23801 

8  Commander 

US  Army  Systems  Analysis  Agency 
Aberdeen  Proving  Ground.  MD 
21005 

1  Commander 

USAAVNC 

Fort  Rucker.  AL  36362 

I  Director 

NV&EOL 

ATTN  DELNV-TMS/SEMCO 
Fort  Bel  voir,  VA  22060 

1  Project  Manager 

RFMBASS 

ATTN  DRCPM-RBS 
Fort  Monmouth,  NJ  07703 

1  Project  Manager 

FIRFFINDFR 
ATTN:  DRCPMT  F 
Fort  Monmouth.  NJ  07703 

l  Project  Manager 

CAC 

ATTN  DRCPM-CAC 
Vint  Hill  Station.  VA  22186 

1  Project  Manager 

SOTAS 

ATTN:  DRCPMSTA 
Fort  Monmouth.  NJ  07 703 
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1  Commandant 

US  Army  Armor  Center  and 
School 

ATTN  ATZK-CD-SD 
Fort  Knox,  KY  40121 

1  Commandant 

US  Army  Field  Artillery  School 
FoTt  Sill,  OK  73503 

l  Commandant 

US  Army  Air  Defense  School 
Fort  Bliss,  TX  7991 6 

l  Director 

US  Army  Air  Mobility  R&DCtr 

Ames  Research  Ctr 
Moffett  Field,  C A  94035 

I  Commander 

AFSC/ACC 

Andrews  AFB  MD  20334 

1  Commander 

FSD/ACC 

Hanscomb  AFB.  M A  01730 

I  Commander 

US  Naval  Ordnance  Lab/White  Oak 
ATTN  Technical  Library 
SilveT  Spring,  MD  209  to 

1  Commander 

Naval  Fleet ronics  Lab  Ctr 

ATTN  Library 

San  Diego,  CA  92152 

1  Armament  Development  &  Test  Ctr 

ATTN  DLOSL.  Tech  Library 
Fglin  Air  Force  Base,  FL  32542 

1  Harry  Diamond  Lab 

ATTN  DFLHD  R-C  (Dr  D  C.iglio) 
2800  Powder  Mill  Road 
Adelphi,  MD  20783 


1  Director 

Office  of  the  Project  Manager 
SMOKL 

ATTN  DRC  PM  SMK  (COL  Lurie) 
Aberdeen  Proving  Ground ,  MD 
21005 

1  Director 

US  Army  Waterways  Lxperiment 
Station 

ATTN  VVLSLA  ( Lewis  Link  I 
P.O.  Box  631 
Vicksburg.  MS 

1  US  Army  Operational  Test 

Lvaluation  Agency 
ATTN  CSTLSTS  ( Fred  McCoy ) 
5600  Columbia  Pike 
f  alls  Church,  V  A  22041 

[  Commander 

US  Army  Fleet  route  Research  and 
Development  Command 
ATTN  CM/CCM  ( F  Man  ion  I 
2800  Powder  Milt  Road 
Adelphi.  MD  20783 

1  Commander 

US  Tank  Automotive  Research  and 
Development  Command 
ATTN  DRDTA  ZS  (Otto  Remus) 
Warren.  Ml  48090 

)  USA  Headquarters 

ATTN  ATCD  IF  R  (Mr  Ingram) 
Fort  Monroe,  VA  23o51 

3  Commander 

USA  Atmospheric  Sciences  Lab 
ATTN  DFLAS-LO  ( Dr  F.  Niles) 
White  Sands  Missile  Range,  NM 
88002 
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3  Headquarters  DA 

ATTN:  DAMMSPC(Mr.  J.  Beck) 

PENTAGON 

Washington,  DC  20310 

1  HQ  ARRADCOM 

ATTN:  DRADARSLA 
(Dr.  R.J.  Moore) 

Dover,  NJ  07801 

l  Commander,  USAARRADCOM 

CSL 

ATTN:  DRDAR-CLB-PS  (Steubing) 
Aberdeen  Proving  Ground,  MD 
21010 

1  PM  Smoke/Obscurants 

ATTN:  DRCPM-SMK-T 
(J.  G.  Nelson) 

Aberdeen  Proving  Ground,  MD 
21005 

l  Director 

AMSAA 

ATTN:  DRXSY-GPL 

(Mr.  F.  Campbell) 

Aberdeen  Proving  Ground,  MD 
21005 

1  Commander 

USA  Test  &  Evaluation  Command 
ATTN  DRSTH-AD-M  (W.  Baity) 
Aberdeen  Proving  Ground,  MD 
21005 

1  Commander 

USA  Combined  Arms  Center 
ATTN:  C AC  DA-OCA 
(Mr.  K.  Pickett) 

Fort  Leavenworth,  KS  66027 

1  Mr.  Lucien  Biberman 

Institute  of  Defense  Analysis 
Science  &  Technology  Div 
400  Army-Navy  Drive 
Arlington,  VA  22202 


l  Commander 

USA  Atmospheric  Sciences  Lab 
ATTN:  DLLASLO 

(Dr.  L.  Duncan ) 

White  Sands  Missile  Range.  NM 
88002 

1  Commander 

USA  MIC'OM 

ATTN:  DRSMI-H:0(R&D) 
(Mr.  G.  Wiedenhoter ) 
Redstone  Arsenal,  AL  35800 

1  Commander 

USA  OTLA 
5600  Columbia  Pike 
Falls  Church,  VA 

1  Commander 

NRL 

Code  8320 

ATTN:  L  H.Ruhnke 
Washington.  DC  20375 

1  Commander 

USA  OTLA 

ATTN:  Mr.  Fred  McCoy 
5600  Columbia  Pike 
Falls  Church.  VA 

1  Commander 

USA  Ballistics  Research  Lab 
ATTN:  DRDAR-BLB 
(A.  La G range) 

Aberdeen  Proving  Ground.  Ml) 
21005 

1  Commander 

USA  Concepts  Analysis  Agency 
ATTN  MOCA -SMC 

(Mr.  Hal  Hock) 

8 1 20  Woodmont  Avc 
Bethcsda.  MD  21004 
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1  TRADOC  Systems  Analysis  Agency 

ATTN:  ATAA-TDB 

(Mr.  L.  Dominguez) 

White  Sands  Missile  Range,  NM 
88002 

I  TRADOC  Systems  Analysis  Agency 

ATTN:  ATAA-D  (Mr  W  Payne) 
White  Sands  Missile  Range,  NM 
88002 

I  Commander 

OS  A  TRADOC' 

ATTN:  ATCDTK 

(Dr  M.P  Pastel) 

Port  Monroe,  VA  23051 

1  Commander 

ASD/FNASC 

ATTN :  ( Larry  J .  Beasley ) 

Wright -Patterson  ALB,  011  45433 

1  Commanding  Officer 

Naval  Intelligence  Support  Ctr 
ATTN:  NISC  (Code  43) 

(H.  F.  St.  Auhin ) 

4301  Suitland  Rd 
Suitland,  MD  20390 

1  Commander 

USA  M1COM 
ATTN:  DRSMI-OGA 
(Dr.  B.  Fowler) 

Redstone  Arsenal,  AL  35809 

1  The  Rand  Corporation 

ATTN  Mr.  R.  Huschke 
1700  Main  St. 

Santa  Monica,  C A  90406 

1  ('ommander 

USAMICOM 

ATTN  DRCPM-MF-CiLD 
(M.  L.  Davis) 

Redstone  Arsenal,  AL  35809 


1  Director 

AMSAA 

ATTN:  DRASY-S(M.  Reches) 
Aberdeen  Proving  Ground,  MD 
21005 

1  HQDA 

ATTN:  DAMA-ARZ-D 

(Dr,  F.  Verderame) 
Pentagon 

Washington,  DC  20310 

1  Commander 

Naval  Weapons  Center 
ATTN:  Dr.  Alex  Shlanta 
Code  3918 

China  Lake,  CA  93555 

!  Commander 

HDL 

ATTN:  DELHD-SD 

(Dr.  W.  Pepper) 

2800  Powder  Mill  Rd 
Adelphi,  MD  20783 

1  Commander 

USAMLRADCOM 
ATTN  DRDML  RT 

(O.  Fred  Kezer) 

Fort  Bclvoir,  VA  22060 

1  Commander 

Naval  Surface  Weapons  Center 
ATTN:  Diana  L.  Shamblein 
Code  DG-302 
Dahlgren.VA  22448 

1  Commander 

USA  Combined  Arms  Center 
Developments  Activity 
ATTN  ATZL-CA-TM-K 
(Maj.C.  R.Otto) 

Fort  Leavenworth.  KS  66026 
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Commander 

Marine  Corps  Development  Clr 
ATTN  .  (FPR)  MEDKC 
(Capt  L.  Martin) 
Quant  ico,  VA  22134 

Commander 

Dugway  Proving  Ground 
ATTN  STEDP-MT 

(Dr.  L.  Solomon) 
Dugway,  VT  84022 

Commander 
Tactical  Air  Command 
ATTN:  DRP 

(Maj  McCann) 

Langley  AFB,  VA  23665 


1  Commander 

USA  Combined  Arms  Combat 
Development  Activity 
ATTN:  ATZLCA'SAN 

( R.  L.  DeKinder.  Jr) 
Fort  Leavenworth.  KS  6602 ^ 

1  Commander 

Atmospheric  Sciences  Lah 
ATTN:  DFLAS-FO-MO 
White  Sands  Missile  Range,  NM 
88002 

1  PM  A  AH 

ATTN:  DRCPM-AAH-TM-S 
(Mr.  Reago) 

St .  Louis.  MO  63 1 66 


Director 

Oklahoma  State  Field  Office 
ATTN:  Dr.CH.Arpke 
P.O.  Box  1925 
Ifglin  AFB.  FL  32542 

Commandant 

USA  Field  Artillery  School 
ATTN:  ATSF-GDRA 
(Jack  3.  Price) 

Ft.  Sill.  OK  73503 

Commander 
USATRADOC 
ATTN  ATCD-7 

(H.  Upton) 

Fort  Monroe.  V A  23651 

USA  Chem  School 
ATTN  ATZN-CM-CDM 
(3  Scully) 

Fort  McClellan,  AL  36205 
Commander 

Naval  Air  Systems  Command 
ATTN  Code  Air  3 10C 

(Dr,  H.  Koscnwasser) 
Washington.  IX'  20361 


1  Deputy  Under  Secretary  of  the 

Army  (Operations  Research) 
ATTN:  Mr.  Woodall 
HQDA 
PENTAGON 
Washington.  DC  203J0 

1  Deputy  Under  Secretary  of  the 

Army  (Operations  Research) 
ATTN:  Dr.  Halim 
HQDA 
PENTAGON 
Washington.  DC'  20310 

1  HQ  DA  ODCSOPS 

ATTN  DAMORQD 
(C.  Collat) 

Washington,  DC  203)0 

1  HQDA 

ATTN:  DAMA-CSS-C 
(LTC  R  Bills) 
Washington.  DC  20310 
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1  Director 

Defense  Intelligence  Agenc\ 

ATTN :  DT-l  \<Mi.  Berler) 

PI  NT  AGON 
Washington,  DC  203 10 

3  Commandant 

I  S  Army  Infantry  Centei  and 
School 

ATTN  ATSH-CD-CS 

(OR/S A)  (Dr.  Dye i ) 

1  ort  Benning.  GA  31005 

1  ATTN:  A TSH-CD  MS  I 

«'pt  R.  Copeland ) 

1  ATTN  ATSH-CD-MS-I 

(Mr.  McKenna) 

1  Commander 

I  SA  I  ngineer  Waterways 
1  \  pert  mental  Station 
ATTN  Mr.  G  l.undicn 
Vicksburg.  MS  30 I  SO 

1  CSAF  An  st  a  ft 

Directorate  of  ('oncepts 
PI  NT  AGON 
ATTN  Mail.  Duff 
Washington,  DC'  20310 

1  l  SAL  Airstaff 

Directorate  of  Concepts  and 
A  na  lysis 
IM  N  F A( /ON 

ATTN:  Special  Assistant  for 

Weather  (Maj  I  Kol/ynski) 
Km  II)3*0B 
Washington.  DC  20310 

I  Commander 

I  SAI  RADOC  Systems  Analysis 
Activity 

ATTN  AT AA  TI  M  (Mi.  II.  McCoy) 
White  Sands  Missile  Range,  NM 
H8002 


J  Commander 

USAMICOM 
ATTN  DRDML-RLW 

(Mi  11.  Andeison ) 

Redstone  Arsenal.  AL  35  N0O 

I  Commander 

Harry  Diamond  Labs 

ATTN  1)1  LIID-RAC  (R.  Humphrey) 

2800  Powder  Mill  Rd 

Adelpln.  MD  20783 

1  Air  Force  Geophysics  Labs 

OP  A  ( ATTN:  Dr.R.lenn) 
llansconiAFB.  MA  01731 

I  Air  Force  Geophysics  Labs 

<)PA(  ATTN:  Dr.  R.  McClakhey) 
llanscom  ALB.  MA  0P3I 

l  Director 

Advanced  Research  Projects  Agencv 
ATTN:  Dr.  J.  Tcgnclia 
1400  Wilson  Blvd 
Arlington.  VA  22200 

l  Aerodyne  Research.  Inc. 

Bedford  Research  Park 
ATTN:  Dr  J.  Lbersoie 
Crosby  Dr. 

Bedford.  M A  01730 

1  Commander 

USAARRADCOM 
Chemical  Systems  Lab 
ATTN:  DRDAR  C  LY  A 
(R.  C).  Pennsyle) 

Aberdeen  Proving  Ciround.  MI) 

21010 

I  Commander 

President  LSA  Armoi  &  Lngineei 
Board 

ATTN:  ATZK-AL-AR 
l  ot t  Knox.  KY  40121 
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1  Diieetor 

l)e tense  intelligence  Agency 
AT  I  N  DT  I  A  I  Mi  Berler) 
PENTAGON 
Washington,  DC  20  >10 

3  Commandant 

I  S  Army  Infantry  Centei  and 
School 

ATTN  ATSHCIMS 

(OR/S AM l)i.  Dye i ) 

1  i)i i  Henning.  (iA  30)05 

i  ATTN:  ATSH-CD-MS-F 

(Cpt  R.  (  opeland ) 

1  ATTN  ATSIU  D-MS-H 

(Mr.  McKenna) 

1  Commander 

USA  Engineer  Waterways 
Experimental  Station 
ATTN:  Mr.  G.  Lund  ion 
Vicksburg.  MS  39 1  SO 

1  USAF  AirstafT 

Directorate  of  Concepts 
PINTACiON 
ATTN:  Maj  F.  Du  f  t 
Washington.  DC  20310 

I  USAF  Airstatt 

Directorate  of*  Concepts  and 
Analysis 
PENTAGON 

ATTN:  Special  Assistant  for 

Weather  (Maj  I  Kol/ynski) 
Km  ID380B 
Washington.  DC  20*10 

1  Commander 

USA  I  RADOC  Systems  Analysis 
Activity 

ATTN  ATAATI  M  (Mr.  II. McCoy) 
White  Sands  Missile  Range,  NM 
88002 


!  Commander 

USAMICOM 
ATTN  DRDM1  Rl  W 

(Mr  11.  Anderson  j 
Redstone  Arsenal  Al.  35 S0‘) 

1  Commander 

1  lany  Diamond  Labs 
ATTN  Dl.LHD-R  \(  (R.  Humphrey) 
2800  Powder  Mill  Rd 
Adel  phi.  MD  20783 

1  An  Force  Geophs  sics  Lahs 

OP  A  (ATTN  Dr. R.  Penn) 
HanscomAPB.  MA  01731 

l  Air  Force  Cieopliysics  Lahs 

OP  A  (ATTN  Di.  R  McClatclies  ) 
llanscom  Al  H  MA  OP 31 

1  Director 

Advanced  Research  Projects  Agenc> 
ATTN:  Dr.  J .  Tegneha 
1400  Wilson  Blvd 
Arlington.  V A  22209 

I  Aerodyne  Research.  Inc. 

Bedford  Research  Park 
ATTN:  Dr.  J.  Lhersole 
Crosby  Dr. 

Bedford.  M A  01730 

I  Commandei 

USAARRADCOM 
Chemical  Systems  Lab 
ATTN  DRDAR-C LV  A 
i  R.  ().  Pennsyle ) 

Aberdeen  Proving  Citound.  Ml) 

21010 

1  Commander 

President  USA  Armor  A:  1  ngmeei 
Board 

ATTN  ATXK-AL-AR 
Fort  Knox,  KY  40121 
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l  Naval  Research  Lab 

(ode  1409 

ATTN.  Dr.  J.  MacCallum 
Washington,  DC*  20475 

1  Commander 

USA  Missile  Command 
ATTN:  DRCPM-TOE  (Mr.  C. 
Jackson) 

Redstone  Arsenal  AL  35809 


No.  Copies  Addressee 

1  Andrulis  Research  Corp. 

ATTN  Mr.  Carr 
73 1 5  Wisconsin  Ave 
Suite  650N 
Bethesda,  MD  20014 

1  USA  PSTC 

ATTN:  DRXST-LS1  (Mennerick) 
220  7th  St  NL 
Charlottesville,  VA  22901 


1  Commander 

DARCOM 

ATTN  DRC'LDC  (Dr  J.  Bender ) 
5001  Lisenhowcr  Ave 
Alexandria,  VA  22333 


1  Director 

USAHEL 

ATTN:  DRXHE-CC  (Sy  Steinberg) 
Aberdeen  Proving  Ground,  MD 
21005 


Commander 

USATRADOC 

ATTN  ATCD-JR  (S.  Goldberg) 
Fort  Monroe,  VA  2265  1 


1  Honeywell,  Inc. 

ATTN  Mr.  Paul  W.  Kruse 
10701  Lyndaie  Avenue  South 
Bloomington,  MN  55420 


1  Joint  AMC/NMC/AFLC  AFSC 

Commanders 

Joint  Technical  Coordinating 
Group  for  Munitions  Effectiveness 
ATTN:  DRXSY-FJ  (Mr.  James  O'Bryon) 
Aberdeen  Proving  Ground.  MD 

I  Commander 

US  Army  C  AC  DA 

ATTN  ATZLCA-Wf  < LTC  Taylor  \ 

Fort  Leavenworth.  KS  bbO 2r 

l  Naval  Weapons  Support  Cti 

('ode  502  (Mi  Carl  LoJikemp) 

Crane,  IN  47522 


l  McDonald  Douglass  Corp. 

ATTN  Mr.  Michael  Johnson 

Dept  313 

PO  5 1  b 
Si.  Louis,  MO 

l  Director 

BRL 

ATTN:  DR-DARBLVUL  (  a  merer  1 
Aberdeen,  MD  21005 

1  AFGL/OPt 

Mail  Stop  30 ( Robert  McClatchev ) 
Hanscom  AFB 
Bedford.  M A  01731 


HOneywcll.  Inc. 

Systems  &.  Research  ('enter 
Ae*ospacc  &  Defense  Gump 
(Mr.  Raymond  Schaefer) 
2(>00  Ridgway  Parkway 
Minneapolis,  MN  55413 


Director 
AMS  A  A 


ATTN  DRXSY-GB  (John  Kramer) 
Aberdeen  Proving  Ground.  MD 
21005 
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1  Commander 

US  Army  Infantry  School 
ATTN:  ATSH-CD-OS 

1CPT  D.  George) 

Fort  Benning,  CA  3W05 

1  Commander 

LISAI TAWC/THL 
ATTN:  Maj  J.  D.  Kittrell 
1  glin  Air  Force  Base,  FL  32542 

l  Commander 

USA!  AWS/DNDP 

ATTN:  CPT  J  Kahler 

Scott  Air  Force  Base,  IL  62225 

1  NASIASYSCOM 

Code  SEA-62 Y21  (LCDR  William 
E.  Major) 

Washington,  DC  20350 

1  Naval  Research  Laboratory 

Code  6532 

ATTN:  Dr.  G.  Trusty 
Washington,  DC  20375 

1  Naval  Research  Laboratory 

Code  6530 
ATTN:  J.Curcio 
Washington,  DC  20375 

1  Commander 

ERADCOM 
ATTN:  DRDEL-CT 

(Mr.  John  Johnson) 
Adelphi,  MD  20783 

1  Director 

AMSAA 

ATTN:  DRXSY-GB 

(Mr.  John  W.  Kramer) 
Aberdeen  Proving  Ground,  MD 
21005 


1  Commander 

I'S  Army  Intelligence  Ctr  and 
School 

ATTN  ATSI-CD-CS  (Mr.  Cundy) 
Fort  Huachuca,  AZ  85613 

1  FS&TC 

ATTN:  MT3(F.  A.  Poleski) 

220  Seventh  Street  NL 
Charlottesville,  VA  22^01 

1  Nava!  EOD  Facility 
ATTN:  Technical  Director, 

L.  Dickinson 
Indian  Head,MD  20640 

2  USA  CRREL 

ATTN:  G.  Aitken  &  Sid  Gerard 
Hanover,  NH  03755 

1  USA  Medical  Bioengineering  Res 

and  Dev  Lab 
ATTN:  LTCD.  Gensler 
Fort  Det rick,  MD  21701 

l  Dept  of  Air  Force 

Headquarters  Air  Weather 
Service  (MAC) 

ATTN :  DOOF  (Maj  Wright  ,2015) 
Scott  AFB,  IL  62225 

1  Commander 

Dept  of  Army 

Headquarters  TRADOC  Combined 
Arms  Test  Activity 
ATTN:  ATCAT-SC1 

(Dr.  Darrell  Collier) 

Fort  Hood,  TX  76544 

1  Commander 

Defense  Mapping  School 
ATTN:  Capt  Cornwell 
Fort  Belvoir,VA  22060 
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Commander 

1 

Varo  Inc.,  fexas  Division 

USA  Combat  Development 

2201  Walnut  St . 

experimentation  Command 

ATTN  ATI  C-PL-M  <Gar>  Eove) 

Garland,  TX  75040 

Tort  Ord ,  CA  93941 

1 

Systems  &  Applied  Sciences  Corp. 
ATTN  James  R.  Norton 

Director 

681 1  Kenilworth  Ave 

iingmeer  Topographic  Tab 

ATTN:  Paul  Krause 

Riverdale.  MD  20840 

Fort  Bel  voir,  V  A  22060 

1 

Hughes  Aircraft  Company 

ATTN:  Stuart  H.  Ktepper 

Offices  Deputy  Undersecretary 

Electro-Optical  and  Data  Systems 

of  Defense  for  Research  and 

Group 

Advanced  Technology  (l  &TS) 

ATTN:  John  McCallum 

Culver  City,  CA  90230 

Rm3DI079 

1 

Headquarters 

PENTAGON 

Air  Weather  Services 

Washington.  DC  20301 

Commander 

ATTN:  Army  Liaison 

Scott  AFB,  IL  62225 

US  Army  Missile  Command 

1 

Lawrence  Livermore  National  l^b 

ATTN  DRCPM-CF  (Col.  H.  t.  Stubbs) 

Mail  Stop  L-9  (Frank  Skidmore) 

Redstone  Arsenal,  AL  35898 

Commander 

P.O.  Box  808 

Livermore,  CA  94550 

USAMICOM 

50 

Director 

ATTN:  DRCPM-MPE  (Dick  Dudney) 

Night  Vision  &  Electro- 

Redstone  AssenafAL  35898 

Optics  Laboratory 

ATTN:  DELNV-V 

Director 

Night  Vision  &  Electro- 

Fort  Belvoir,  VA  22060 

Optics  Laboratory 

*> 

DCS  Corp. 

ATTN:  DELNV-V  (Frank  Shields) 

1117  North  19th  Street 

Fort  Belvoir,  VA  22060 

Commander 

Suite  1101 

Arlington,  V A  22209 

DCD,  USA  AVNC 

2 

E-01R  Measurements  Associate 

ATTN:  Study  Group  l  ATZQ-D47D 

P.O,  Box  3348  College  Station 

Fort  Rucker,  AL  36362 

Fredericksburg,  V A  22401 

OSD  (PA&EKLSD) 

I 

Hughes  Aircraft  Company 

ATTN:  Maj.  Mayer 

ATTN:  Richard  Janik 

Rm.  2B256 

Elect  to -Optical  and  Data 

Pentagon 

Systems  Group 

Washington,  DC  20301 

Culver  City,  CA  90230 
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